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SURFACE CHEMISTRY OF MAJOR ROCK TYPES 

OF SONORA PASS TEST SITE, CALIFORNIA 

INTRODUCTION 

During the  summer of 1966 a number of sample nodes were chosen a t  t h e  

Sonora Pass Test S i t e  ( S i t e  1'1.19) f o r  i n f r a r e d  spectrometer  measurements e 

The nodes were s e l e c t e d  by D r .  Whitten of Northwestern 'Universi ty  and Jack 

Quade of t h e  Univers i ty  of Nevada (See Figure ill). 

R.J.P. Lyon of S tan fo rd  Univers i ty  obta ined  s p e c t r a  of t h e  rocks on the  test 

s i te .  I n  the  s p r i n g  of 1967 s p e c t r a  of many of t he  samples were retaken 

under f i e l d  condi t ions  i n  Reno. 

A t  a later d a t e ,  D r .  

The chemical s tudy  of t h e  weathered o r  a l t e r e d  s u r f a c e  l a y e r  of s e l e c t e d  

samples from t h i s  s u i t e  of rocks i s  embodied i n  t h i s  r epor t  (See Table # l ) .  

The chemical compositions are repor ted  as oxide percentages.  I n  add i t ion ,  

r e c o n s t i t u t i o n  t o  normative minerals  are shown. The normative minerals  

do not  r e f l e c t  a l l  a spec t s  of t he  t r u e  mineralogy, b u t  v a r i a t i o n s  i n  norma- 

t i v e  minerals  may r e f l e c t  s u b t l e  changes i n  s e v e r a l  of t he  oxides.  

SPECIAL SAMPLE PREPARATION 

Chemical ana lyses  of i n f r a r e d  spectrometer  samples should inc lude  only 

material obta ined  from t h e  f i r s t  l o p  below the  s u r f a c e  of a rock, t he  

approximate o p t i c a l  depth of 8p t o  14p r a d i a t i o n .  I n  p r a c t i c e  l o p  samples 

have n o t  been obtained,  however, care was taken t o  o b t a i n  only s u r f a c e  

material, and more than  50% of the  sample came from t h e  top 5 0 ~  . 
One corner  of the  rock s u r f a c e  of which t h e  s p e c t r a  was taken w a s  scraped 

wi th  a small u l t r a s o n i c  c h i s e l .  From each sample approximately one-quarter 

of a gram of f i n e  powder was obtained.  This  powder w a s  placed i n  a 

special  d i e  and a s m a l l  amount of b a k e l i t e  w a s  poured around t h e  s i d e s  

and on top  of t h e  rock powder. It w a s  then  compressed t o  30,000 p s i ,  
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y i e l d i n g  a smooth wafer  of rock powder cased i n  a b a k e l i t e  j a c k e t .  These 

p e l l e t s  Were run f o r  Na20, MgO, Si02,  A1203, K 2 0 ,  CaO,  T i 0 2 ,  and Fe203 on 

NASA's s e q u e n t i a l  X-ray spectrorrleter, and are be ing  r e t a i n e d  i f  f u r t h e r  

a n a l y s i s  is deemed necessary . 
SITE 61 CINKO LAKE GRANODIORITE 

The Cinko Lake is a dark gray,  medium gra ined  g r a n p d i o r i t e  wi th  a 

l a r g e l y  hgpidiomorphic-granular ( r s 2 i c )  t e x t u r e .  It conta ins  shreds  and 

b l e b s  of b i o t i t e  and hornblende t h a t  d e f i n e  a re l ic  l i n e a t i o n .  

Four samples were chosen from t h e  Cinko Lake test  node f o r  s u r f a c e  

chemistry a n a l y s i s .  

one i n t e n a e l y  weathered s u r f a c e  and two f r e s h  o r  r e l a t i v e l y  unweathered 

s u r f a c e s  

They inc lude  a s u r f a c e  on which ep idote  i s  developed, 

(See Tables 82 and #3) ,  

TABLE 2 

Surface  Chemistry of Cinko Lake Granodior i te  

N476 N477 N478 N 482 

S i 0 2  46.71 58.41 58.84 61.65 

*lz03 17.61 14.27 13.74 16.25 

*Fez03 10.84 9.50 8.57 5.85 

M O  1.97 3.27 3.34 2.31 

CaO 10.99 6.92 6.65 5.63 

Na20 .91 3.51 3.11 3.85 

K2O 1.80 2.51 2.80 2.67 

T i 0 2  _I_ .79 - 1.13 - 1.32 A 
T o t a l  91.62 99.52 98.37 98.95 

* T o t a l  I r o n  as Fe2Q3. Fei-2 and Fe+3 cannot be  d i f f e r e n t i a t e d .  
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TABLE 1 

NASA NUMBER 

* N476 
* 8477 * N478 

8479 
N480 
N481 

* N482 
* N483 
* N484 

N485 * N486 
N487 
N488 

* N489 * N490 
N491 
N492 

* N493 * N494 
N495 * N496 
N46 3 
N464 
N465 

* N466 
N467 
N468 
N49 7 
N498 

* N499 
N500 

* N601 
* N602 

N603 
N604 
N609 * N606 * N607 
N608 
N609 
N6 10 * N61P 

* N612 
N6 13 
N614 
N6 15 

* N616 * N617 
N618 

* N619 
N620 
N62 1 

FIELD NUMBER 

1- 1 
1-2 
I- 3 
1- 4 
1-5 
1-6 
1- 7 
2- 1 
2-2 
2- 3 
2-4 
2-5 
2-6 
3- 1 
3-2 
3- 3 
3- 4 
3- 5 
3- 6 
3- 7 
3- 8 
4- 1 
4- 2 
4- 3 
4- 4 
4-5 
4-6 
5- 1 
5-2 
5- 3 
5- 4 
5-5 
5-6 
6- 1 
6-2 
6- 3 
6- 4 
6-5 
6-6 
7- 1 
7-2 
7- 3 
7- 4 
7- 5 
7-6 
7- 7 
8- 1 
8- 2 
8- 3 
8- 4 
8- 5 
8-6 

DESCRIPTION 

Epidote on g r a n o d i o r i t e  s u r f a c e  
Fresh g r a n o d i o r i t e  
Fresh g r a n o d i o r i t e  
Tourmaline on g r a n d i o r i t e  s u r f a c e  
Granodior i te  wi th  l i c h e n  
Highly weathered g r a n o d i o r i t e  
Glacial pavement 
Fresh a l a s k i t k  
Tourmaline on a l a s k i t e  s u r f a c e  
Fresh a l a s k i t e  
Limonite on a l a s k i t e  s u r f a c e  
Granodipr i te  
G l a c i a l l y  pol i shed  a l a s k i t e  
Green phase, fo lded  
Dark phase 
Face of s c h i s t o s i t y  p lane  
Green phase 
Dark phase 
Green phase,  h o r i z o n t a l  
Green phase,  v e r t i c a l  
Pink phase 
Clean monzonite 
Grus 
Clean monzonite 
I ron-s ta ined ,  po l i shed  s u r f a c e  
A p l i t e  d ike  
Fresh,  pink monzonite 
Fresh monzonite 
G r u s  on monzonite 
I ron-s ta ined  monzonite 
Glac ia ted  monzonite 
Grus on monzonite 
Fresh pink monzonite 
Agglomerate 
Agglomerate 
S o i l  and rock fragments 
Agglomerate 
Agglomerate 
Rock fragments on loose  s u r f a c e  
Fresh monzonite 
Fresh monzonite 
Limonite on monzonite s u r f a c e  
Fresh monzonite 
Fresh monzonite 
G l a c i a l l y  pol i shed  monzonite f ace  
Fresh monzonite 
Brown b a s a l t  
B r o w  b as a1 t 
Brown b a s a l t  
Brown b asal t 
Brown  b a s a l t  
B rown bas  a1 t 

*run f o r  s u r f a c e  chemistry 
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NASA NUMBER 

N622 
3623 
S624 

* N625 
N626 
N627 
N628 
N629 
3469 
N470 
N471 
Nk72 
3473 
N474 
N4 75 

FIELD NUMBER 

Kf la- 1 
Kf la-2 
Kf la- 3 
K f  l a - 4  
Kf la-5 
Kf la-6 
Kf la-7 
Kf la-8 
Ktla-1 
Kt la-2 
Ktla-3 
Kt l a -4  
K t  la-5 
K t  la-6 
Ktla-7 

DESCRIPTIOS 

I r o n  s t a i n e d  monzonite 
Grus 
Monzonite, g l a c i a l l y  po l i shed  
We a t  he red  mon zon i t e 
Xeno 1 i t  h 
Fresh monzonite 
Fresh a p l i t e  d ike  
Fresh nonzoni te  
G l a c i a l l y  p o l i s h e d , i r o n  s t a i n e d  monzonite 
Fresh monzonite 
Decomposed monzonite 
Weathered nonzoni te  
Fresh nonzoni te  
Grus 
Grus 

* run f o r  s u r f a c e  chemistry 
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Quar tz  

Orthoclase 

Albi te* 

Anorthi te* 

Augite 

Hypersthene 

Magnetite 

I lmeni t e 

* % Arrorthite 

TABLE 3 

Normative Mineralogy of Cinko Lake Granodior i te  

N476 

10.45 

11.61 

8.41 

42.18 

14.25 

2.88 

8.58 

1.64 

N477 

11.61 

14.99 

30.01 

15.93 

15.02 

3.72 

6.56 

2.17 

N478 

13.74 

16.80 

26.73 

15.50 

14.34 

4.03 

6.31 

2.55 

N482 

14.79 

15.94 

32.92 

19.38 

7.08 

4.18 

4.29 

1.42 

83.39 - N476; 34.68 - N477; 36.71 - N478;37.05 - N482 

SITE #2 DOROTHY LAKE ALASKITE 

The Dorothy Lake i s  an a l a s k i t i c  g r a n i t e ,  wi th  l o c a l l y  a p l i t i c  phases. 

Mineralogical ly  i t  conta ins  p l a g i o c l a s e ,  p e r t h i t i c  f e l d s p a r  and minor q u a r t z  

and b i o t i t e .  The extremely low mafic mineral  content  gives  t h e  rock a 

l i g h t  pink co lor .  Although i t  is  an i n t r u s i v e  u n i t  i t  i s  l o c a l l y  f i n e  

grained wi th  a s a c c h a r o i d a l  t e x t u r e  and no where achieves a coarse  g r a i n  

s i z e  t y p i c a l  of many of t he  S i e r r a n  g r a n i t i c  rocks. 

Three specimens were chosen f o r  s u r f a c e  a n a l y s i s ;  a g l a c i a l l y  pol ished 

s u r f a c e ,  a f r e s h  s u r f a c e ,  and a s u r f a c e  which has  developed a mafic mineral  

concent ra t ion  (See Tables #4 and b5). 
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TABLE 4 

Surface  Chemistry o f  t h e  Dorothy Lake A l a s k i t e  

N483 N484 N486 

Si02 77. 36 67.96 71.70 

A1203 12.34 11.35 12.50 

Fe203 1.16 10.92 4.08 

MgO 3.15 .54 6.80 

CaO 0.00 .66 0.00 

Na20 3.33 1.74 2.70 

K20 4.79 3.56 4.93 

TiQ2 .18 .41 .25 

T o t a l  102.33 97.14 102.96 

* T o t a l  I r o n  as Fe2O3. Fe+' and Fe+3 cannot be  d i f f e r e n t i a t e d .  

TABLE 5 

Normative Mineralogy of Dorothy Lake A l a s k i t e  

N483 N484 

Quartz 34.06 40.97 

Orthoclase 27.66 21.65 

Albi te* 27.53 15.16 

Anorthite* 0.00 3.37 

Augite 0.00 0.00 

Hypersthene 7.95 6.36 

Magnetite .82 8.15 

I lmeni t e . 3 3  .80 

* % Anor th i te  0.00 - N483; 18.19 - N484; 0.00 - N486 

N486 

25.49 

28.29 

22.19 

0.00 

0.00 

18.05 

2.87 

.46 
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TABLE 7 ( con t , )  

489 N490 N49 3 N494 N496 

Augite 14 -81  12.34 20.47 7.01 8.71 

Hypersthene 0.00 9.11 1.98 .18 0.00 

a g n e t i t e  2 56 4.01 4.80 1.51 1,61 

Hematite 0.00 o*oo 0.00 e 08 0.00 

I Imeni t e l e 1  1.44 1.40 1.38 1 . 1 7  

* % Anor th i t e  100.00 - N489; 100.00 - N490; 72*48 - N493; 100.00 - N494; 100.00 4 4 9 6  

SITES 14 ,  #5, AND KFLA FREMONT LAKE QUARTZ MONZONITE 

The Fremont Lake q u a r t z  monzonite is normally an hypidiomorphic 

g r a n u l a r  ( re l ic  t ex tu red )  medium gra ined  rock con ta in ing  50 t o  80 percent  

p l ag ioc la se .  The remainder of t h e  rock is  composed of o r thoc la se  microc l ine  

q u a r t z ,  and maf ic  minerals, i nc lud ing  hornblende and b i o t i t e ,  w i th  minor 

a p a t i t e ,  z i r c o n ,  sphene, and magnet i te ,  The re l ic  t e x t u r e s  are o u t l i n e d  by 

euhedra l  hornblende and b i o t i t e  c r y s t a l s  forming e longated  and p l a t y  pheno- 

c r y s t s  a 

Five Fremont Lake samples were ana l i zed  f o r  s u r f a c e  chemistry.  The 

f i r s t  sample, from test node #4 has  a g l a c i a l l y  po l i shed , i ron - s t a ined  s u r f a c e .  

The next t h r e e  are from test  node #5. They are c lean  monzonite, a p a l i t e  d ike  

rock and a f r e s h l y  broken monzonite s u r f a c e  r e spec t ive ly .  

is from t h e  K f l a  test node on t h e  a l t e r n a t e  f l i g h t  l i n e .  It has  a t y p i c a l  

weathered s u r f a c e  ( S e e  Tables 18 and #9). 

The f i n a l  sample  



TABLE 6 

Surface  Chemistry of the Metamorphic Rocks 

N489 N490 N493 N494 N496 

66 02 64.54 71.74 69.52 

11,44 10 * 88 12 e 35 12.84 13.48 

Pe203* 3,59 5.56 6,74 2.25 2 . 2 4  

MgO 2 , 5 3  5,39 3.91 1.38 1 -60  

C a0 9.33 5.17 9.37 5.44 5,65 

S i 0 2  68.34 

Na20 ---- 

Ti02 ___c 

K 2 0  5 - 7 0  

0 63 

Tot a1 101,56 

* Tota l  I r o n  as Fez03 

---- ---- * 91 ---- 
6.70 3.16 5*79  7.86 

62 

100 D 48 101 7 3  100.17 100,97 

_cs_ 
I) 73 
P 

e 76 .75 

Fe-k2 and Fe+3 cannot be d i f f e r e n t i a t e d .  

TABLE 7 
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T M L E  8 

Surface  Chemistry of t h e  Fremont Lake Quartz Monzonite 

N466 N499 N60 1 X602 5625 

S i 0 2  60.00 71.65 62.67 69.78 68.53 

A1203 15 10 11.63 16,55 15.40 15 * 62 

Fe2O3* 7.57 8.70 4.88 2.20 2.57 

MgO 2.31 . 2 1  2.00 .70 .84 

C a0 4.82 2.28 3.93 2.41 3.33 

Na20 2.98 3.19 4.03 3.31 3.61 

3.01 3.03 2.84 3.95 4.25 K2° 

T i 0 2  --- . 7 1  .. .__ 2 10 -- .st  "- .46 .25 

iot a 1  96 - 50 l0u I 84 97.77 98 ,21  99 .01  

* T o t a l  Iron as Fe203. Fe+2 and FeS3 cannot be d i f f e r e n t i a t e d .  
TABLE 9 

Normative Mineralogy of t h e  

N466 x499 

Quartz 1 7 . 8 7  34.72 

Orthoclase 18.43 17.76 

A l b i t e  * 26.13 26.78 

Anorthi te* 19.62 8.40 

Corundum 0 00 0.00 

Augite 4.16 2.47 

Hypersthene 6.70 3.42 

Magnetite 5.69 6.26 

I l m e n i t e  1.40 .19 

* % Anor th i te  42,89 - N466; 23.88 - 
31.22 - N625 

Fremont Lake Quartz Monzonite 

N60 1 N602 K625 

17.05 29.58 23.29 

17.16 23.76 25.37 

34.88 28.52 30.85 

19.11 12.17 14.01 

0.00 1.32 0.00 

66 0.00 2.16 

5.83 2.13 1.97 

3.62 1.62 1.88 

1.69 e 89 . 4 8  

N499; 35.40 - N601; 29.92 - X602; 
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SITE 116 RELIEF PEAK ANDESITE 

The Re l i e f  Peak Fprmation, as seen  on t h e  test s i t e ,  c o n s i s t s  of 

hornblende-augite and hornblende-hypersthene a n d e s i t e s .  

c o n s i s t s  n o t  only of flows bu t  agglomerates and au tob recc ia s  of t h e  same 

compositions. 

are both s l i g h t l y  weathered agglomerates (See Tables # l O  and # l I ) .  

The formation 

The two samples s e l e c t e d  f o r  s u r f a c e  chemistry de te rmina t ions  

TABLE 10 

Surf ace Chemisfry of t h e  Relief Peak Andesite 

N606 N60 7 

s i02  61.55 61.71 

*l2'3 16.14 15.88 

Fe203* 4.73 5.32 

MgO 1.07 1.44 

CaO 4.15 5.38 

Na 0 2 

K 2 0  

T i 0 2  

Tot a1 

3.42 

3.32 

.66 

95.04 

3.43 

3.55 

.61  

97.32 

* T o t a l  I r o n  as Fe2O3. Fe+2 and Fe+3 cannot be d i f f e r e n t i a t e d .  

Quartz 

Or thoc lase  

Alb i te*  

Anorthite* 

TABLE 11 

Normative Mineralogy of t h e  Rel ie f  Peak Andesite 

N606 N607 

19.20 16.17 

20.64 21.55 

30.45 29.82 

19.87 17.93 
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TABLE 11 (cont . )  

N606 

Augite 1.45 

Hypersthene 3.47 

Magnetite 3.61 

I l m e n i t e  1.32 

* % Anor th i te  39.49 - N6Q6; 37.55 - N607 

N607 

7.67 

1.70 

3.96 

1.19 

SITE #7 TOPAZ LAKE PORPHYRITIC QUARTZ MONZONITE 

The Topaz Lake q u a r t z  monzonite is t y p i f i e d  by l a r g e  zoned microcl ine 

phenocrysts up t o  f o u r  inches i n  length  i n  a mat r ix  pr imar i ly  of p l a g i o c l a s e ,  

q u a r t z ,  o r t h o c l a s e  wi th  minor amounts of b i o t i t e ,  hornblende, magnet i te ,  

sphene, c h l o r i t e ,  and a p a t i t e ,  

Two specimens have s u r f a c e  chemistry ana lyses ;  one is a s l i g h t l y  

weathered s u r f a c e ,  t h e  o t h e r  is  l imonite  s t a i n e d  (See Tables 112  and t 1 3 ) .  

TABLE 1 2  

Surface Chemistry of t h e  Topaz Lake P o r p h y r i t i c  Quartz Monzonite 

N 6  12 N611 

S i 0 2  59.68 61.44 

A1203 15.95 15.70 

Fe203* 7.13 5.35 

MgO 2.99 1.87 

CaO 5.46 2.89 

Na20 3.38 2.69 

K20 4.40 5.56 

.79 

T o t a l  99 .83  96.29 

1 
.84 T i 0 2  - 

d( T o t a l  I r o n  as Fe203. Fe+2 and Fe-k3 cannot be d i f f e r e n t i a t e d .  
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Q u a r t z  

TABLE 13 

N6 12 

8.57 

Orthoclase 26.04 

A l b i t e  * 28.65 

Anor th i te  * 15 38 

Augite 9.39 

Hypersthene 5.19 

Magnetite 5.18 

I lmeni t e 1.60 

* % Anor th i te  34.94 - N612; 38.65 - N611 

N611 

15.48 

34.12 

23.64 

14.89 

0.00 

6.29 

4.03 

1.56 

S I T E  18 BROWN BEAR PASS BASALT 

The Brown Bear Pass b a s a l t  is  a dark o l i v i n e  b a s a l t .  The b a s a l t s  

weather brown but  are very dark gray on f r e s h  s u r f a c e s .  Three samples 

were run f o r  s u r f a c e  chemistry;  one is  a r e l a t i v e l y  f r e s h  b lack  s u r f a c e ,  

t h e  o t h e r  two are weathered brown s u r f a c e s  (See Tables #14 and f l 5 ) .  

S i 0 2  

A1203 

Fe203* 

%O 

CaO 

Na20 

TABLE 14 

Surface  Chemistry of t he  Brown Bear Pass Basa l t  

N6 16 N617 

50.81 51.01 

15.52 15.33 

10.58 10.85 

5.36 5.20 

9.52 8.76 

2.93 2.97 

N6 19 

58.09 

15.77 

9.63 

1.92 

4.88 

2.44 



Q u a r t z  

TABLE 15 

Normative Mineralogy of t h e  Brown Bear Pass Basal t  

N6 16 

1.35 

0 r t h  o c 1 as e 12.98 

N617 

1.61 

15.01 

56  19 

21.09 

14.94 

Albi te  * 25.10 25.43 21.23 

Anor th i te  * 23.07 21.34 24.89 

Co run dum 0.00 0.00 .23 

Augi t e 19.58 17.87 0.00 

Hypersthene 6.54 6.57 6.40 

Magnet i te  7.77 7.96 7 . 1 8  

I lmeni t e 3.62 4.21 4.04 

* X Anor th i t e  47.90 - N616; 45.62 - N617; 53.97 - E619 
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APPENDIX I 

Sources of A n a l y t i c a l  E r r o r  

Oxide weight percentages  c a l c u l a t e d  from X-ray s p e c t r o  

con ta in  bo$h sys t ema t i c  and random e r r o r .  

counted and compared wi th  t w g  known s t anda rds  a t o t a l  of f o u r  times. 

t h i s  case the  s t anda rds  G-1, a g r a n i t e ,  and W - 1 ,  a d iabase ,  were used. For 

t h e  elemenfs determined, t h e  i n d i v i d u a l  oxide ana lyses  should t o t a l  between 

97% and 99%. Mast of t h e  ana lyses  i n  t h i s  r epor t  t o t a l  i n  an acceptab le  

rqnge, between 96% and loo%, however, a few d e v i a t e  as f a r  as 92% and 103%. 

For each sample X-rays are 

I n  

The l a r g e s t  source  of e r r o r  i s  a sys t ema t i c  e r r o r  which occurs  when 

samples have g r e a t e r  o r  less concent ra t ions  of a given oxide than e i t h e r  

of t h e  s t anda rds ,  Two f a c t o r s  c o n t r i b u t e  t o  t h e  sys t ema t i c  e r r o r :  (1) due 

t o  matrix e f f e c t s  t h e  counts t o  percent  composition r e l a t i o n s h i p  is no t  

q u i t e  l i n e a r ;  t h i s  approximation is good enough f o r  compositions between 

those  of the s t anda rds ,  b u t  n o t i c a b l e  a t  very high o r  low cancentrat icms 

where e x t r a p o l a t i o n s  beyond the  s t anda rds  are necessary ,  and (2)  s l i g h t  

e r r o r s  i n  t h e  ana lyses  of the  s t anda rds  cause the  e r r o r  a t  very high o r  l o w  

oxide concen t r a t ions .  

Another source  of e r r o r  is t h e  random e r r o r .  Table 16 shows t h e  

average a n a l y s i s ,  s t anda rd  dev ia t ion ,  and s t anda rd  e r r o r  f o r  each of a 

number of samples f9r each of t h e  elements run. 

e r  

TABLE 16 

Analysis  of Random E r r o r  f o r  Se lec t ed  Surface  Chemistry Samples 

Number of Standard Standard 
Mean Deviat ion E r r o r  * - S amp les 

s io2 15 65,31 0.27 0.41% 

A1701 19 13.80 0.42 3.04% 
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Element 

Fe203 

%O 

CaO 

Na2O 

K;O 

T i 0 2  

Number of 
Samples 

15 

15 

1 3  

12 

15 

15 

TABLE 36 (cont . )  

Standard - Me an Deviation 

5.40 0.07 

1.76 0.05 

5.76 0.25 

2.82 0.15 

3 . 8 9  0.09 

0 . 6 3  0 . 0 1  

Standard 
E r r o r  * 

1.29% 

2 .84% 

4 .34% 

5.32% 

2.31% 

2.78% 

* Standard Deviat ion Standard E r r o r  
I n  Percent  x 100 = Mean 
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